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Method in Industrial Robot System 
TECHNICAL FIELD 

The present invention relates to an industrial robot system and a method of controlling. An 
industrial robot system is defined to comprise a control unit, a manipulator and a robot tool. 

BACKGROUND OP THE INVENTION 

An industrial robot system comprises a manipulator and a control unit and is programmed to 
carry out work or a work at least one cycle along an operating path. In order to program or 
teach the work cycle, the robot is manipulated to positions and orientation along the desired 
operating path. These positions are stored as insU'uctions in a memory in the control unit. 
Other information, such as desired robot movement velocity, may ^so be stored in the 
memory. During operation of the robot, the pro-am instructions are executed, thereby 
making the robot operate as desired. There arc always processes where it is necessary to 
correct distance errors between the programmed positions and the real world. One siu;h 
process is spot welding. 

Resistance spot welds are usually made automatically by an industrial robot cairying a 
resistance spot welding gun. The robot subsequently moves to the weld targets as defined in 
the robot program. The gun clamps to eliminate the air gap between the sheets of metal in a 
"work piece'' to be joined. An electrical current is sent through the material which creates 
enough local heat to melt the material and create a spot weld. Resistance spot welds can also 
be made by a stationary weld gun arrangement where an industrial robot is carrying the "work 
piece". 

The expression "work piece" will be employed below both in the body of this specification 
and in the appended Claims. This should be interpreted broadly and such interpretation for 
example encompasses at least two metal aheeta laid against another, and may also include a 
partly finished or almost finished component which is composed of a plurality of different 
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parts, the component per se b^ng intended to be provided with a joint or to be supplemented 
with an additional part with the aid of joining in specific positions. 

Programs for spot welding, e.g, of car bodies, are either created by teaching spot by spot by 
jogging the robot in the appropriate position* or by offline programming tools where robot 
and work cell are simulated on a PC. The firsi procedure is time consuming and the second 
procedure is faster but every spot has to be corrected manually by jogging the robot lo ihe 
exact position the teal cell due to differences between the simulation and the real world- 
Additionally it is often necessary to again correct the spots manually from time to time when 
the position of the work piece varies with changing of the paiT tolerances during production. 
Using the robot touch up the manual correction can be done automatically thus being faster 
with reduced cosis and higher accuracy. 

The method of touching up is defined as follows. The starting point is an inaccurately known 
position of a work piece, a well-defined TCP for the tip of a robot tool and a well-known 
direction to move the tip of the tool towards the work piece. Then, in a "touch up'* the robot 
moves the tip of the tool in the defined direction until the tip touches (gets in contact with) the 
surface of the work piece. From the position of the robot and the defmition oF the TCP (which 
is the known position of the tip) it is possible to exactly determine the position of the worX 
piece at the contact point with the tip. 

In addition, a welding gun comprises arms including electtodes. During spot welding the 
welding tips of the electrodes wear over lime since some material bums away with every weld 
and consequently the originally defined TCP becomes more and more inaccurate. Since the 
robot controller is not aware of this and the robot program is not modified accordingly, an 
increasing TCP error occurs. In this case a well-defined reference surface is needed. Touching 
up this reference surface with a worn tip gives the tip wear as the difference between the 
expected contact point and the touch up found contact point. 

When the robot is positioned to a progranuned target, an inaccurate defined target or a TCP 
error creates a gap between the tip of the robot tool and the surface of the work piece. During 
spot welding, for example, a spot weld gim clamps the work piece and it is the task of a gun 
equalizer to eliminate the gap without creating stress between the gun and the robot. Both the 
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gun equalizer itself and the large effort for touching up spot weld targets are a great cost 
factor of spot welding systems. 

There ate mainly two types of weld guns, X-guns and C-guns. An X>gun comprises a first 
movable electrode arm and a second stationary electrode arm. In a C-gun a first welding 
electrode is movably arranged in a guide at one branch of the C and moves towards and away 
from an opposite fixed electrode arm. 

A welding gun is ustially controlled by compressed air or by a servo motor. For a pneumatic 
gun, the movement of the first electrode towards and away from the second electrode is 
achieved with a pneumatic cylinder. 

In spot welding it is very important to know the exact position of the TCP, which is the tip of 
the electrode on the fixed gun arm. This position is however changed during use of the gup, 
statically but also dynamically. The statically changes are caused e.g. by electrode wear as 
mentioned above and tip dressing, where the elccuode tip is reshaped. Dynamically, when the 
^ gun is closed and the tip force is applied the gun aims are deflected. Another factor that 

influences the position between TCP and work piece is inaccuracy in programming as 
mentioned above. 

It is known to solve the above-mentioned problems by using an equalizing system, which 
ensures that the second fixed arm is brought in level with the "closest" sheet of the work piece 
to be welded. The equalizing system is arranged between the tool and the turntable of the 
robot hand. The equalizing system is. in principle, a clutch adapted to be disengaged. During 
movement of the tool, the equalizing system comprises a clutch in a fixed position and with 
the second fixed arm at a defined distance from the sheet At the end phase of the closing 
I movement of the gun and during the joining process, the clutch is disengaged such that the 

f tool is able to move relative to the turning plate. It is general knowledge to use pneumatic or 

PS t'*,: electrical equalizing systems. 



Disadvantages of these equalizing systems are that they need expensive power supply and a 
lot of mechanics, which are again expensive and introduce additional weight to the spot 
welding gun. Another disadvantage is that equalizing systems behave differently heavy 
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depending on how ihe tool is oriented is space due to the gravity dependency. Besides, there 
isaplay. 

Therefore, it would be interesting to have a solution without an expensive mechanical 
equalizing system. For such a solution the important items in industrial robot processes are 
that the TCP must be accurately defined and that the work positions are accurately taught or 
modified during programming especially for processes for working e.g. joining in specific 
positions. 

In production, the important items are that the TCP is accurately defined and is adjusted after 
tool dressing and tool change and that the fixed gun arm is adapted to leave the surface of the 
object during the movement to next work position. Further, tool arm deflection ia 
compensated and the variations of the position of the sheet metal are small between parts. 

JP 10006018 shows a spot welder comprising a par of secondary arms each provided with an 
electrode. The electrodes supply welding current to a welded object through the secondary 
arms. A predetermined welding force is given to the work piece by a servo tnechanism of air, 
hydraulic or electric type. In the resistance spot welder, the second arm has an integral 
function as an elastic body for giving a prescribed pressure to the material to be welded. 

WO 94/09939 discloses a mesihod for automatic program compensation of electrode wear, 
commonly denoted equalizing, and a unit to which Ihe gtm is moved with some intervals. The 
unit comprises a device for measuring the position of the tip and by sending this information 
to the automatic unit adjusting the welding positions to this raeasuiement. The fixed elearode 
up is moved towards the sheet at the same time as the controller sends the signal to the 
welding gun to close. 

* 

JP 09-070675 discloses a controller for spot welding and its control method. The method 
includes automating the management of an electrode tip from the position correction of this 
;" **: tip based on wear. The moving side electrode tip is pressed to a reference stationary object 
and the difference, ihe wear is deiermined and stored. 
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JP 97-314146 show& a spot welding method and a device therefore with the purpose of 
incieasing a conlinuous spotting speed by execnting equalization action of a spot welding 
robot. 

To sum up, accuracy is important and there is need for a control method for eliminating the 
manual handling part when doing touch up in specific position processes e.g. spot welding. 
Further, time is important for processes of joining in specific positions and there is a need for 
a less lime consuming control method. There is also a need for an equalisation method in a 
spot welding process for example, which eliminates the need of equalizer and of its power 
supply. There is also a need for a general robot connol method suitable for different type of 
guns e- g. pneumatic guns, servo guns, X-guns and C-guns. 

SUMMARY OF THE INVENTION 

A first object of the invention is to provide a method which eliminates both the use of a gun 
equalizer and the need for manually touching up robot programs, A second object of the 
invention is to provide a control method, which is accurate, fast and robust 

These objects are achieved according to the invention in a first aspect with a method of 
controlling an industrial robot system comprising the characteristic features of the 
independent claim 1, in a second aspect with a method of controlling an industrial robot 
system comprising the characteristic features of the independent method claim 7, in a third 
aspect with a method of calibrating an industrial robot comprising the characteristic features 
of the independent claim 12 and in a fourth aspect with a an industrial robot system device 
comprising the characterizing features of the independent claim 17. According to the 
invention, these objects also are achieved in a data program product comprising the 
characteristic features of the independent claim 21 arid in a use acconUng to the independent 
claim 23. Fteferred embodiments are described in Che dependent claims. 

According to the first aspect, the invention provides a method of an indusMal robot 
comprising a control unit and a manipulator including a tool with a lip comprising a defined 
TCPy for determining an actual position corresponding to an inaccurate programmed position 
for a spot on a surface of a work piece. The tip of the tool is tnrought to be moved from a first 
programmed position at a distance from the surface in a defined direction towards the work 
piece. The tip is brought to collide with the surface at a collision point The actual position is 
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computed from the distance between the poaitjon of the collision point and the first 
programmed position in the defined direction of movement. 

In one preferred embodiment of the invention, the tool is brought to be moved towards a 
second position programmed to be positioned behind the work piece seen in the direction of 
movement to secure that the tool tip always is brought to collide with the work piece. The 
movement of the lip is brought to be stopped when a created force between the work piece 
and the tip has increased to a predefined value. In one prefen^d embodiment of the inveniionr 
the servo is set in normal control mode and the created force is brought to be detected by 
supervising motor torques of axes of the robot. In another preferred embodiment of the 
invention, the created force is brought to be controUed by soft servo. 

The method has the advantage of being automatic and further more exact since the manual 
part activities are eliminated. The set up is faster compared to conventional (manual) methods 
and is suitable for joining processes working in specific positions e.g. spot welding, arc 
welding in specific positions, riveting or clinching- The method is also suitable for 
applications using laser for perfoi-ming work in specific positions* In spot welding> the touch 
up method is possible to perform using a gun comprising a movable tool tip. This possibility 
excludes pneumatic spot welding guns. 

When used in a spot welding process, the method has the advantage of being suitable to all 
kinds of spot welding guns comprising one fixed gun arm e.g. pneumatic or servo guns, 
because the method is peifoiTned with the spot welding gun opened. Further advantages are 
that there is no need to know neither the thickness of the sheet of the work piece nor the 
position of the surface of the work piece* due to the fact that the gun is opened when 
performing the method. 



It is comprised in the scope of protection that the invention is suitable for stationary process 
apparatuses, where the tool is fixed in a stand and the work piece is held by an industrial 
robot. 



Further, the method has also the advantage of being suitable for stationary spot welding 
apparatuses, where the spot welding gun is fixed in a stand and the work piece is held by an 
industrial robot. 
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In a pieferred embodiment of the invention, the computed position is permanently stored in a 
memory of the control unit. Ftttther* the robot is moved to a target cojtespondjng to a second 
spot weld and the same procedure is repeated until all taigets are processed. The method is 
preferably used when setting up an industrial robot spot welding cell. 

In another preferred embodiment of the invention, the robot is moved in a normal control 
servo mode. Then, the contact with the work piece is detected by supervising the motor 
torques of the robot axes, Witln this method, the user can define in advance the allowed touch 
up force, the force between work piece and tip when the robot stops, depending on the actual 
application. In another preferred embodiment, the robot is moved in soft servo mode. Then, 
the force between the tool tip and the work object will increase, but not excessively. This is 
described under the heading of description of the preferred embodiments. 

The second aspect of the invention provides a method of controlling an indusUial robot, 
comprising a control unit and a manipulator including a tool comprising a defined TCP, for 
determining a distance enor between a known position for a target on a surface of a 
calibration plate and a corresponding actual position due to wear of the tool, with the tool 
orientation normal to the surface. The robot is moved from a safe stait position with the tool 
orientation normal to the surface such that the tool is brought in touch with the surface of the 
calibration plate, creating an actual position. An actual TCP position is read to define a 
coordinate system. Two reference distances are computed from the differences between the 
TCP positions of the actual position and the start position. The wear is computed by 
computing the difference between the two reference distances. 

The method according to the second aspect of the invention has the same advantages and the 
same control methods are used as mentioned for the first aspect of the invention. Further, the 
method is used after tool dressing or after the tool has been exchanged. In a prefened 
embodiment, the method adjusts the TCP value and updates tool wear data in current tool data 
automatically. When used in a spot welding processes, the method makes it easy to perform 
completely automatic measurements of the wear of the stationary electrode. A further 
advantage is that the methtKl does not need any excemal sensors or measuring devices to 
measure the tip wear. 
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According a preferred embodiment of the second aspect methodt a pose transformadon i$ 
applied lo a tool data transformation CO coirect for the wear. In a preferred embodimenc» the 
tool data transformation is replaced by the cosTected cool data tranfiformation in the memory 
of the robot controller and will be used for the next welding operation. The tool data 
transformation is a homogeneous transformation chat takes the robot wrist coordinate system 
into the tool coordinate system. The result of the product of the tool data transformation and 
the pose transformation defines Ihe new TCP. 

The third aspect of the invention provides a method of controlling an industrial robot, 
comprising a control unit and a manipulator including a tool comprising a defined TCP, for 
calibrating a reference distance between known reference position and an actual position, A 
level indicating means is brought to comprise a movably attached plate. During movement of 
the robot, the tool tip is brought to elevate the movable plate into a programmed reference 
position below an upper stop position level. Then, the tip of the tool is brought to elevate the 
movable plate from the reference position into the upper stop position creating an acmal 
position. An actual TCP position is read and a reference distance is computed from the 
difference bictwcen the actual position and the reference position. According to a preferred 
embodiment of the invention, the reference difference is stored in a memory of the control 
unit. 

In a preferred embodiment of the third aspect of the invention, the cuiTem tip wear of the tool 
after a number of production cycles, is measured through computing a difference between the 
reference distance and an actual distance. 

In a further preferred embodiment of the third aspect of the invention, the tool is brought to 
comprise a first and a second gun arm. The gun is closed with desired gun pressure in the 
reference position and is then closed during the movement into the upper stop position leveL 

.1.^ Since the gun tool is brought to be closed in its work position, the reference distance, the 
current tool wear and the actual distance are in one preferred embodiment of the invention 
used for computing the gun arm bending in the gun tool in this position. This can be repeated 

. - - ^ if different gun pressures are used. 



When performing spot welding, data for the correlation between the giin force and the arm 
deflection is a user defined data predefined for each used spot weld gun. Then, during 
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program execution of spot instjuctions, there is an added robot movement, activated during 
the same time as the gun pressure is established, to compensate for the gun arm dcflectJon. A 
movement in the opposite direction is perforaied after the weld, when the gun is opened, at 
the same time as the release movement. The method, according the third aspect of the 
invention, eliminates the need of external sensors and measuring devices. It is easy to make 
completely automatic measurements of the wear and the gun arm deflection. 

The fourth aspect of the invention provides an industrial robot system comprising an 
industrial robot with a robot tool and a level indicating means. The level indicating means 
comprises a movably attached plate arranged to be moved by a tip of the tool In one 
embodiment of the invention, the level indicating means comprises a plate movement limiting 
device including a first fixed stop defining an elevation stop level In another embodiment of 
the invention, the plate movement limiting device comprises a second fixed stop defining a 
lowering stop level. In an alternative embodiment of the invention, the movable place is 
arranged with a spring suspension. In a preferred embocUment, the movable plate is arranged 
to pivot about an axis. 

In one embodiment of the invention, the industrial robot device is comprised on the industrial 
robot. According to another embodiment of the invention the industrial robot device is 
arranged external to the industrial robot and internal in the robot system. 

In one preferred embodiment of die invention a computer program comprises instmctions to 
influence a processor to carry out any of the methods mentioned above. A computer jeadable 
medium comprises a computer program mentioned above. It is included in the scope of 
protection Uiat the invention as claimed is used for carrying out any process working in 
specific positions. The process for working in specific positions is any of the following 
methods of joining: spot welding, riveting, or clinching. Use of a process comprising laser 
fibre is comprised in another preferred embodiment of the invention, , 

It is comprised in the scope of the protection that the method for carrying out the invention is 
used when performing any of the following methods of joining: spot welding, riveting, or 
clinching. It is also comprised in the scope of the protection that the industrial robot device is 
used when perfomiing any of the methods of joining mentioned above. 
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BRIEF DESCRIPTION OP THE DRAWING 
The invention will be explained in greaier detail^ by description of embodiments, with 
reference to the accompanying drawing* wherein: 

Figure I is prior art industrial robot welding equipment. 

Figure 2 is a spot welding gun, 

Figure 3 is an offline programmed position of a spot weld, 

Figure 4 is a weld lip colliding with the sheet metal at a poinr. 

Figure 5 a defines effect of tool wear and corresponding TCP error, 

Figure 5 b is a gap due to the tool wear according to Figure 7a, 

Figure 6 is a calibration plate installed in good reach of a robot. 

Figure 7 illustrates the wear of a spot weid elecuode. 

Figure 8 illustrates the method how to calculate the wear of the tool. 

Figure 9a-e is the tip of the robot tool of Figure 1 and a mechanical level indicating 

means. 

DESCRDPTION OF THE PREFERRED EMBODIMENTS 
The following description relates lo both the method and to the device. 
Figure 1 is an industrial robot system comprising an industrial robot 1 with a control unit la, a 
manipulator lb and a robot tool, a spot weld gun 2. The industrial robot comprises a foot 3 
mounted to a base 4. The foot supports a stand 5, which is arranged to rotate in relation to the 
foot 3 about a first axis A, The stand S supports a first robot arm 6, arranged to rotate in 
relation to the stand 5 about a second axis B. The first robot arm supports an arm housing 7^ 
which is mranged to rotate in relation to the first robot arm 5 about a third axis C. The arm 
housing 7 suppons a second robot arm 8, arranged to rotate in relation to the arm housing 7 
about a fourth axis D, and where the fourth axis D coincides with the longitudinal axis of the 
second robot arm 8. The second robot arm 8 comprises a vfmi housing 9, which is supported 
by a wrist 10. The wrist housing 9 is arranged to rotate about a fifth axis which coincides 



. t . with the longitudinal axis of the wrist The wrist housing 9 supports a turn disc 1 1, which is 
" ' ; airanged to rotate about a sixth axi s F- The turn disc 1 1 comprises a tool holder 1 2, which is 
:'y^ adapted for attachment of a tool, such as, for example^ a spot welding gun 2, 



Figure 2 is a spot welding gun 2, which comprises a first, movable electrode arm 2a, which at 
its outer free end supports a first welding electrode 13. The welding gun also comprises a 
second, fixed electrode arm 2b, whicb at its outer, free end suppons a second welding 
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electrode 14. The second electrode arm 2b is rigidly cotinected to the mounting plate 14 of the 
gun tool- The welding gun with the first 2a and the second electrode arm 2b is adapted for 
clamping and joining together at least two sheets of metal 15a and 15b of a work piece 15. It 
is understood that the welding gun 2 is either attached to the industrial robot I or a stationary 
spot welding apparatus (not shown). 

A fim yoke 2c is connected to a servo device 27 via a joint 2d as well as to the first, movable 
electrode arm 2a. 

An inaccuraiely programmed position of a spot weld is shown in Figure 3. It will inherently 
exhibit a distance error from the sheet metal, Tlie method according to claim 1 is an automatic 
method to find the vertical projection pltu along the z axis of the weld tip onto the sheet metal 
to be welded, using the robot as a touch probe device to find the surface of the sheet metal. 

A weld tip is moved to a safe position pla in negative tool z direction* as moving the robot in 
normal control mode to the programmed position pip may cause a collision if the 
programmed position happens to be below the sheet metaK 

The servo controller of the robot is put into soft mode (soft servo, compliant motion) where 
the feedback gain of the servo loops are reduced and the integral part is frozen to the current 
value when soft servo is activated. In this mode, the robot will still moderately follow a slow 
move command over a short distance^ but it will not create excessive force if an obstacle is hit 
on the way. 

The robot is slowly moved in soft servo mode to a point plb below the sheet metal, so that at 
one point in time the weld tip must touch the surface of the sheet metal* Because path 
accuracy in soft servo is low, the true path will not be on the programmed path between pis 
and plb, but deviate by a few millimetres. The weld tip will therefore collide with the sheet 
metal at a point pic (see Figure 4). Because of the compliant behaviour of the robot, the 
controller will continue to command position references until plb is reached, the force 
between the gun tip and the sheet metal will increase, but not excessively. 

The robot is slowly moved in normal control servo mode from pis to plb and the movement 
is stopped when the weld tip collide with the sheet metal at a point pic, Tlie collision with the 
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sheet metal is detected by supemsing the motor toiiques of the robot axes, which increases in 
comparison to the torques needed for only moving the robot from pU to pib when the weld 
tip gets in contact with the sheet metal. The ws&f can define in advance the touch up force i.e. 
the force between the work piece and the tip when the robot movement is stopped. From the 
given force and the knowledge of the robot kinematics the additional torques on the motors of 
the robot axes created by the touch up can be calculated and give the torque level for the 
supervision. 

After the move command is finished, the actual TCP position, pic, is read and the travel 
distance vector d is computed from die difference between pic and pis. 





'a; 












yc-ys 











where [Xc,yc»Zc] and [Xs^ysiZs] denote the TCP position at pic and pis. respectively, in the 
current coordinate frame. 

The distance vector d is projected onto the direction of the tool using the inner product 

where [ZxiZyiZz] is a unit vector defining the direction of the z-axis of the tool in the same 
coordinate frame as used for defining the targets pic, pi? etc. 

d"^ is the shortest distance between the programmed position pip and the sheet metal. The 
touch-up point plui is computed by adding the distance d*** to the programmed point pip in 
the z-diiection of the tool. The position pltu is permanently stored in memory. It will be used 
for executing the spot weld program. The robot is moved to a target p2p corresponding to a 
second spot weld, and the same procedure is repeated until all targets are processed. 

Thus, Figure 3 is a situation when the servo controller of the robot is put into normal mode 
and the point pic coincides with pi tu. 
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This procedure is applied when the spot welding cell is being set up and, if necessary, from 
time to lime when the position of the work piece varies due to changes in part tolerance over 
production time. It can be automaticaJly and subsequently applied to «Il spot welds without 
human Interaction, After this procedure, the spot weld targets are known with high accuracy 
and a gun equalizer is no longer required. 

Further, the invention describes how the tip wear can automatically be compensated by using 
a similar procedure to the method described above. Figures 5a and 5b show the effect of lip 
wear causing TCP error. 

Figure 6 shows a calibration plate 20 that is installed in good reach of a fixed electrode 14 of a 
spot welding gun- 

In a first step, with a wejl-caljbrated TCP, a target p_cal on the surface 19 of the calibration 
plate 20 is programmed and stored in a memory of ihe^ robot system* with a tool orientation 
normal to the surface of the calibration plate 20. 

Then, a second target p_s is programmed and stored in memory at a safe position above in z 
direction above p_caL The distance is greater than the maximum wear expected on the gUn 
tip. The tool orientation at p_s must be perpendicular to the nonnal of the calibration plate. . 

After a certain number of spot welds when tip wear can be expected, the robot is moved to the 
safe target p_$. l^e z axis of the tool 2 now points towards the calibration plate 20 in a 
direction nonnal to the surface. 

The robot is moved in normal control mode as already described above to a target p_tgt 
defined b^low the calibration plate, lying on the straight line tiirough p.c and p.cal. 

Alternatively^ the robot axes are put in a soft mode with moderate softness as already 
described above and the robot is moved in soft mode to a target p^tgt defined below the 
calibration place, lying on the straight line through p_c and p_cal. 
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After the tip touched the surface 19, the robot position p_c at that positjoTi is read out and 
stored in memory (see Figwe 6), The wear W is computed by the difference of the two inner 
products d, and d^y as depicted in Figures 7 and B* 

= ^ )* + (y . - y. )* - )* 

where [XcauycairZoai] and [XcYorZc] denote the TCP position at p_cal and p_c, respectively, 
and 0 is a unit vector defining the direction of the z-nxis of the tool in the same coordinate 
frame as used for defining tJie targets p^c, p^ca), and p^tgt. 

In a preferred embodiment of the invention^ a pose transfonnation Tw is applied to the cool 
data transfonnation Tt to correct wear. The too) data transformation is a homogeneous 
transformation that takes the robot wrist coordinate system into the tool coordinate system. 
The result of the product TnouM = Tt * Tw defines the new TCP, 

In a final step, the old tool data transformation T, is replaced by tool data transformation Tw 
in the memory of the robot controller and will be used for the next welding operation, 

Funher the invention comprises a mechanical level indicating means comprised in an 
industrial robot system including an industrial robot with a robot tool for the puq>ose of 
performing the methods described above* 

Figure 9a-9e is a level indicating means 21 arranged in the working area of an industrial robot 
system according to Figure 1. The level indicating means comprises an elongated plate 23 
: " : " : attached in a first end 23a and arranged to be pi votally moved about an axis of rotation H. The 
: plate 23 is brought to be moved by a tool tip 1 S of the roboL 



Figure 9b is the level indicating means 21a comprising a plate movement limiting device 24 
including a first fixed stop 22 defining an elevation stop level I and a second fixed stop 25 
defining a lowering stop level IL 
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Figure 9c is the level indicating nmeans 21 with the plate 23 moved into the upper stop level I 
by the tool tip 18. Pigqre 9d is a plate 23 arranged with a spring suspension 26 as an 
alternative to the second fixed stop. 

The second end 23b of the plate is movably arranged such thai it is possible for a robot tool 
e.g. a spot weld gun to reach the second end 23b and preferably on the lower side 23c of the 
movable plate. In Figure 9e, the tool is a spot weld gun in a closed work position p^ 
clamping a work piece 15. 
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CLAIMS 

L 1. A method of controlling an industrial robot (1), comprising a control unit (la) and a 
manipulator (lb) including a tool (2) with a tip (18) comprising a defined TCP, for 
determining an actual position (pltu) cotTesponding to a inaccurate programmed position 
(pip) for a spot (22) on a surface (17) of a work piisce (15), 
characterized in 

the tip (18) of the tool (2) is brought to be moved from a first programmed position (pis) at a 

distance from the surface (17) in a defined direction towards the work piece (15), 

the tip (18) is brought to collide with the surface (17) at a collision point (pic), 

the actual position (pltu) is computed from the distance between the collision (pic) and the 

first programmed position (pis) in the defined direction of movement. 

2. A method according to claim 1. wherein the tool (2) is brought to be moved towards a 
second position (plb) programmed to be positioned behind the work piece seen in the 
direction of movement. 

3. A method according to claim 1 or 2, wherein the movement of the lip (J 8) is brought to be 
stopped when a created force (FJ between the work piece (15) and the tip (18) has increased 
to a predefined value (Fj^), 

4. A method according to claim 3, wherein the created force (F^ is brought to be detected by 
supervising motor torques of axes of the robot. 

5. A method according to claim 3, wherein the created force (F,) is brought to be controlled by 
soft servo, 

6. Use of the method according to any of claims 1-5 when setting up an industrial robot spot 
welding cell. 

7. A method of controlling an industrial robot (1), comprising a control unit (la) and a 
manipulator (lb) including a tool (2) comprising a defined TCP, for determining a distance 
error (w) between an offline progirammed position for a target (p^cal) on a surface (19) of a 
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calibration plate (20) mid a corresponding actual position (p_c) due to wear of the tool (2). 
with the tool orientation normal to the surface (19), 
characterized in 

moving the robot from a first position (p_s) with the tool orientation normal to the surface 
(19) such that the tool (2) is brought in touch with the surface (19) of the calibration plate (20) 
creating an actual position (p_c), 

an actual TCP position is read xo define a coordinate system, 

two reference distances (d,) and (d,) are computed from the differences between the TCP 
positions of (p_c) and (p_s), and 

the wear (w) is computed by the difference of (d^) and (dj). 

8, A method according to claim 7, wherein a pose transformation is applied to a tool data 
transformation T, to correct for the wear (w). 

9, A method according to claim 8, wherein a tool data transformation T^,^ is stored in a 
memory of the control unit (la) and will be used for the next welding operation. 

10, A method according to any preceding claim, wherein the robot is moved in normal control 
servo mode. 

1 1, A method according to any of claims 1-9, wherein the robot is moved in soft servo mode. 

12- A method of an industrial robot system comprising an industrial robot (I), including a 
control unit (la) and a manipulator (lb) with a tool (2) comprising a defined TCP» and a level 
Indicating means (21) for determining a reference distance (d^ 
characterised in that 

the level indicating means (21) is brought to comprise a movably attached plate (23), 
during movement of the robot, the tool tip (18) is brought to elevate the movable plate (23) 

into a programmed reference position (p^^) below a stop level (I), 

the tool tip (18) is brought to elevate the movable plate (23) from the reference position (p^^) 

into an upper stop position (22) creating an acmal position (pj, 
an acmal TCP position is read, and 




06/02/'04 17:53 RBB flB PATENT 46 21 18i::*36 086660286 NR. 731 022 

y * * r»»vr» x)"- 

46 21 181386 . ■ • ' - y ; " 

18 • • 

a reference distance (d„,) is computed from the difference between the actual position (pj and 
the reference position (p^^)- 

13. A method according to claim 12, wherein the reference di^erence (d^^) ia scored in a 
memory of the control unit (la), 

14. A method according to claim 12 or 13, wherein the wear of the tool (w^) after a number of 
production cycles is determined through computing a difference (d*) between the reference 
distance (dj) and an actual distance (d^), 

15. A method according to claim 14, wherein the tool (2) is brought to comprise a first (2a) 
and a second gun arm (2b), 

The gun tool (2) is brought co be closed in its closed work position (Pw^^)* 

the reference distance (d^,), the current tool wear (w^ and the actual distance (d,) are used for 

computing the gun arm bending (d^) in the gun tool in its closed work position (p^^v). 

16. An industrial robot system comprising an industrial robot (1) with a robot tool (2) and a 
level indicating means (21)» 

charaeteriased in that 

the level indicating means (21) comprising a movably attached plate (23) arranged to be 
moved by a tool tip (18) of the tool (2). 

17. A device according to claim 16, wherein the level indicating means (21) i$ arranged to 
comprise a plate movement limiting device (24) including a first fixed stop (22) defining an 
elevation stop level (I), 

\ 18. A device according to claim 17, wherein the plate movement limiting device (24) is 
armnged to comprise a second fixed stop (25) defining a lowering stop level (II). 



19. A device according to claim 16 or 17, wherein the movable plate (23) is arranged with a 
spring suspension (26). 
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20. A device according to any of claim 16-19, wherein the movable plate (23) is adapted to 
pivot about an axis (H), 

21. A computer program comprising instructions to influence a processor to carry out the 
method according to any of clain^s 1-15. 

22. A computer readable medium, wherein the medium comprises a computer program 
according to claim 21. 

23. Use of a method according to any of claims 1-15, an industrial robot device according to 
any of claims 16~20 or a computer program product according to any of claims 21-22 for 
carrying out any process working in specific positions. 

24. Use according to claim 23, wherein the process for working in specific positions is any of 
the following methods of joining: spot welding, riveting, or clinching. 



25. Use according to claim 23 or 24 in processes comprising laser fibre. 
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ABSTRACT 

The invention comprises a method of an industrial robot (), comprising a control unit () and 
manipulator 0 including a tool () comprising a defined TCP and a device for determining a 
distance error (d*) between an inaccurately programmed position (pi p) for a spot (I) on a 
surface Q of a work piece () and a corresponding actual position (pltu). 



a 



(Figure 1) 
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